We investigate the potential role of icebergs in the 8.2 ka climate event, using a coupled climate model equipped with an iceberg component. First, we evaluate the effect of a large iceberg discharge originating from the decaying Laurentide ice sheet on ocean circulation, compared to a release of an identical volume of freshwater alone.
by more than 200 years. Another matter of debate is that lake level reconstructions as well as the sedimentological signature of the lake drainage suggest that a single lake outburst could be an oversimplifi cation, and the lakes may have drained in two separate outbursts [Teller et al. 2002; Hillaire-Marcel et al. 2007 ]. [Bond et al. 2001; Bond et al. 1997; Josenhans and Zevenhuizen 1990; Lajeunesse and St-Onge 2008; Moros et al. 2004; Jakobsson 2008] .
In a previous modelling study on the 8.2 ka climate event, Wiersma et al. [2006] accounted for this additional freshwater source in the form of icebergs by releasing various volumes freshwater exceeding the estimated lake volume of 1.63 * 10 14 m 3 [Leverington et al. 2002] . However, in that study, iceberg dynamics and thermodynamics were not accounted for. Icebergs distribute freshwater over large distances and infl uence the surface ocean in two distinct ways: (1) they freshen the surface water through melting and (2) they cool the ocean as latent heat, which is required to melt the ice, is extracted from the surrounding waters.
Through these mechanisms they facilitate the formation of sea-ice [Jongma et al. 2009 ], which can affect deepwater formation in various ways.
In this study, we use the 8. period (equivalent to a constant freshwater fl ux of 0.72 Sv), followed after 200 years by the freshwater volume of the second outburst over a 5-year period (equivalent to a constant freshwater fl ux of 0.32 Sv) (Table 4 .2).
Coinciding with the second lake drainage, Table 4 .1 and Figure 4 .3.
In the fi rst two-stage lake drainage scenario (TS-5) we simulate an abrupt collapse of the ice-dam during the second lake drainage by introducing icebergs of the ice-dam volume over 5 years (Table 4 .2). In the second two-stage lake drainage scenario (TS-100)
we simulate a gradual decay of the ice-dam allowing for the longer time ranges given by Dyke [2004] by spreading the discharge over 100 years. We note that we apply a baseline fl ow simultaneously with the iceberg discharge, which already contains an ice melt runoff component. We consider this reasonable because the total volume of the iceberg discharge is minor (~3%), compared to the total runoff estimated in the 600-year period around the 8.2 ka climate event [Licciardi et al. 1999 ] that underpins the 0.172 Sv baseline fl ow, and therefore the iceberg discharge should be interpreted as an acceleration in ice sheet decay.
The TS-5 and TS-100 experiments were performed fi ve times (i. e. fi ve ensemble members). The initial conditions of the ensemble members were obtained from a continuation of the early Holocene experiment and are spaced 10 years apart.
Sensitivity experiments
4.3.1 Meltwater production and distribution in the IBP experiment Table 4 .2) Volume, release duration and timing of the two-stage lake drainage scenarios and of the iceberg discharge accompanying the second lake drainage. In the background control climate that is perturbed, a baseline fl ow of 0.172 Sv is applied into the Labrador Sea.
due to a combination of wave-erosion being a dominant melting process and the fact that every iceberg is fl oating in this layer during its full life span. Because the upper ocean layer is also the thinnest layer ( On the role of icebergs in the climate system | Ph.D. Thesis Jongma J. I. 9 (65m) 8 (48m) 7 (36m) 6 (28m) 5 (22m) 4 (18m) 3 (14m) 2 (12m) 1 ( On the role of icebergs in the climate system | Ph.D. Thesis Jongma J. I.
Spatial response
The perturbations by both the iceberg armada and the freshwater pulse lead to decreased deep ocean convection, cooler sea surface temperatures (SST) in the North Atlantic Ocean and increased sea-ice cover.
The major expansion of sea-ice area during the fi rst 10 years of both perturbations ( 
Discussion of sensitivity experiments
The initial peak in sea-ice cover and drop in Greenland summit temperatures (Figure 4 .5) take place during the iceberg discharge (IBP) and the freshwater release (FWP). In both experiments, the short-lived sea-ice retreat that follows is associated with a warming, resulting from a shift in convection activity from northwest of Norway to northeast of Iceland. This is also accompanied by a short warm interruption at Greenland
Summit. A similar fl uctuation is observed in SSS en

SST near the Denmark Strait in modelling experiments
by Manabe and Stouffer [1995] , also occurring after a short massive infusion of freshwater. We attribute the short shift in convection zone to regional water column instability resulting from the fast increase in surface water density as the freshwater release stops.
The lack of such a fl ickering response in the Greenland ice core isotope profi les could indicate that such a short-lived convection-episode northeast of Iceland did not happen in reality.
The IBP experiments show a stronger reduction in NADW production, increased sea-ice cover and In scenario TS-5 (Table 4. climate between t=200 and t=300 with 95% confi dence using a two-tailed t-test.
related peak in the sensitivity experiments.
In scenario TS-100 (Table 4. 1999; Risebrobakken et al. 2003 ].
In response to the fi rst freshwater perturbation at t = 300, mean annual SSTs in the Norwegian Sea interruptedly drops by up to 0.3 o C during a ~140- by Dyke [2004] , and was associated with iceberg surges, it probably led to a pronounced cold event in
Greenland and the North Atlantic area. Therefore, we tentatively conclude that the single catastrophic lake outburst hypothesis should be revised.
Conclusions
We investigated the response of the early Holocene ocean circulation to a perturbation by an iceberg armada released near the Hudson Strait outlet in the EcBilt-CLIO coupled climate model equipped with an interactive iceberg module, and conclude the following:
(1) A perturbation by an iceberg discharge leads to more expanded sea-ice cover in the North Atlantic
Ocean, a stronger weakening in NADW production, and stronger cooling over Greenland Summit compared to a freshwater perturbation with the same (freshwater) volume. These results illustrate the importance of latent heat of melting in the simulation of climate events that involve icebergs. Therefore, we recommend that hosing experiments aiming to simulate Heinrich events should take into account the latent heat of melting icebergs.
